A detailed understanding of transport in porous media over the intrinsic temporal and spatial scales is important in many technological and environmental processes. Natural and industrial materials like soil, rock, filter cakes or catalyst pellets often contain low-permeability zones with respect to hydraulic flow of liquid through the medium or even stagnant regions which remain purely-diffusive. Despite numerous theorectical, experimental and numerical studies the transient and asymptotic behaviour of dispersion in porous media is not completely understood. In particular, the influence of stagnant zones with respect to the actual mesoscopic and macroscopic flow field heterogeneity of the medium has found little attention in theory and experiment. We have studied diffusion-limited mass transfer (1), transient and asymptotic longitudinal dispersion in single-phase liquid flow through a fixed bed made of spherical, permeable (porous) particles, covering several orders of characteristic time and length scales associated with fluid transport. The observed behaviour was contrasted to the corresponding fluid dynamics in a random packing of equally sized impermeable (nonporous) spheres with interparticle void fraction of 0.37. Experimental data for Pe up to 100 were obtained by pulsed field gradient NMR and were complemented by numerical simulations employing a hierarchical transport model with a discrete (lattice-Boltzmann) interparticle flow field using computer generated models of the interparticle pore space (2). Finite-size effects in the simulation associated with the spatial discretization of support particles or the dimension and boundaries of the bed were minimized and the simulation results are in reasonable agreement with experimental results.
A detailed understanding of transport in porous media over the intrinsic temporal and spatial scales is important in many technological and environmental processes. Natural and industrial materials like soil, rock, filter cakes or catalyst pellets often contain low-permeability zones with respect to hydraulic flow of liquid through the medium or even stagnant regions which remain purely-diffusive. Despite numerous theorectical, experimental and numerical studies the transient and asymptotic behaviour of dispersion in porous media is not completely understood. In particular, the influence of stagnant zones with respect to the actual mesoscopic and macroscopic flow field heterogeneity of the medium has found little attention in theory and experiment. We have studied diffusion-limited mass transfer (1), transient and asymptotic longitudinal dispersion in single-phase liquid flow through a fixed bed made of spherical, permeable (porous) particles, covering several orders of characteristic time and length scales associated with fluid transport. The observed behaviour was contrasted to the corresponding fluid dynamics in a random packing of equally sized impermeable (nonporous) spheres with interparticle void fraction of 0.37. Experimental data for Pe up to 100 were obtained by pulsed field gradient NMR and were complemented by numerical simulations employing a hierarchical transport model with a discrete (lattice-Boltzmann) interparticle flow field using computer generated models of the interparticle pore space (2) . Finite-size effects in the simulation associated with the spatial discretization of support particles or the dimension and boundaries of the bed were minimized and the simulation results are in reasonable agreement with experimental results.
We conclude that the intraparticle liquid holdup clearly dominates over contributions caused by the intrinsic flow field heterogeneity and boundary-layer mass transfer. 
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(t).͗v(t,r)͘ dt and the attenuation is related to the local velocity correlation function as
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is the integral of the gradient. As long as the number of molecular impacts at walls is small, the usual approximations with the mean velocity as ͗v(t,r)͘ ϭ 0 and with the correlation ͗v(t,r) v(tЈ,r)͘ c as a delta function are reasonable. At longer times, we need better approximation. The average of cumulants with the probability distribution from Fick's diffusion equation2 provides distributions of phase shifts and attenuations in the volume of pore for any gradient sequence. Fig. 1 and Fig. 2 show the results for the diffusion between parallel planes, when PGSE sequence of sharp gradient pulses is applied. The integration over the space of pore gives the spin echo that exhibits diffraction-like patterns as shown in Fig. 3 . The diffraction minima show dependence on gradient magnitude q ϭ F ϭ ␥␦G as well as on time. At short times, they are shifted toward larger q, and depend on the spin displacement as 2q ͱD/ Ӎ 2n. When the spin is starting to experience scattering on both opposite boundaries, the minima appear at value of qa Ӎ 2n$, thus conveying information about pore dimension a. The method explains the dependence of diffraction on time and type of sequence. It introduces the diffusive diffraction as an interference of the phase shifts caused by the reflecting flow of spins scattered at the boundaries, when their displacements equal the phase grating created by applied gradients. This approach also enlightens the measurement of transport properties by the spin echo, particularly in the systems, where the molecular motion is constrained by structure or configuration. First studies of nuclear spin-lattice relaxation and lineshape in liquid gallium and indium confined within random and quasi-regular pore networks of porous glasses and artificial opals are presented. It is shown that drastic enhancement of the relaxation rate occurs for confined liquid gallium and indium which can be treated as a result of the rise in the quadrupolar contribution which follows the strong increase in the spectral densities at the Larmor frequency of the electric field gradient fluctuations and might evidence the remarkable slowing-down in atomic mobility.
Spin relaxation enhancement in liquid gallium
The measurements were carried out using Avance400, MSL500 and MSL300 Bruker NMR spectrometers at room temperature for confined gallium and using an Avance400 spectrometer at 420 K for confined indium, the freezing transitions for metals within nanopores are lowered compared to that in bulk. The inversion recovery procedure was used to get data on spin-lattice relaxation.
The spin magnetization restoration curves obtained for both gallium isotopes, 69 Ga and 71 Ga, and for indium isotope 115 In showed remarkable enhancement in the relaxation rate compared to relevant bulk metals. The following main features can be noticed in data for gallium which contrast with those for bulk melt [1] : relaxation in the same field and in the same sample is noticeably faster for the 69 Ga isotope with greater quadrupole moment and smaller gyromagnetic ratio; the relaxation rate visibly depends on magnetic field for gallium within porous glasses. The fact that relaxation is faster for the isotope with larger quadrupole moment shows that the quadrupolar contribution dominates longitudinal relaxation in confined geometry contrary to the bulk case. This is also valid for transverse spin relaxation as can be seen from lineshapes. While NMR lines for both gallium isotopes are narrow and coincide for bulk, they are noticeably broadened for gallium within porous matrices and NMR linewidths are larger for 69 Ga than for 71 Ga. Moreover, the NMR linewidth against the ppm frequency scale increases with decreasing magnetic field, what corresponds to the quadrupolar nature of line broadening as in viscous liquids. NMR lines are also broadened for confined liquid indium. The remarkable enhancement of the quadrupolar relaxation rate as well as its dependence on the magnetic field show that the spectral densities of the electric field gradient correlation function which determine quadrupolar spin relaxation in confined gallium are strikingly increased and the extreme narrowing approximation is no longer valid. The results obtained for confined gallium as well as for confined indium are consistent with the assumption about strong increase in the correlation time of the electric field gradients fluctuations, which reflects remarkable slowing down atomic dynamics in nanopores. The estimates were made for the correlation time in pores, which depended on pore sizes.
